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DESCRIPTION 

CHROMOGENIC SUBSTRATES OF SIALIDASE OF BACTERIAL. 
VIRAL, PROTOZOA. AND VERTEBRATE ORIGIN AND 
METHODS OF MAKING AND USING THE SAME 

The subject invention was made with government support under a research project 
contract from the University of Alabama at Birmingham as a grant from the US Defense 
Advanced Pesearch Projects Agency, grant number MDA 972-97-K-0002, and a Small 
Business Innovative Research (SBIR) Grant from the National Institutes of Health, grant 
number 1 R43 HD3 6964-01. The government has certain rights in this invention. 

Cross-Reference to a Related Applications 
This application is a divisional of U.S. application Serial No. 09/412,896, filed 
October 5, 1999, which is a continuation-in-part of U.S. application Serial No. 
08/958,356, filed October 27, 1997, now abandoned. 



Field of the Invention 
The current invention relates to the design, synthesis, and biochemical evaluation 
20 of chromogenic substrate compounds for sialidases of bacterial, viral, protozoa, and 

vertebrate (including human) origin. In particular, this invention provides a novel class of 
effective compounds as chromogenic substrates of these sialidases which yield 
chromogenic products after reactions catalyzed by sialidase take place. Also provided are 
methods of making these substrate compounds, methods of diagnosis and prognosis of 
25 sialidase related diseases using these substrate compounds. 



Background of the Invention 
Sialidase (EC 3.2.1.18, also known as neuraminidase, acylneuraminyl hydrolase) is 
a protein enzyme produced by many organisms such as bacteria, viruses, protozoa, and 
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vertebrates including humans (Hirst, 1941). This class of enzymes catalyzes the hydrolysis 
of a terminal sialic acids which are a-ketosidically linked to glycoproteins, glycolipids, and 
polysaccharides through an O-glycosidic bond (Drzeniek, 1972). 

There are a large number of biological functions ascribed to sialidase enzyme, 
5 including cell-cell recognition phenomena and the pathogenicity of some infections by 

sialidase-bearing microorganisms (Schauer, 1985). In bacteria, sialidase helps bacterial 
adhesion to tissues, and provides additional nutritional sources (Crennell, et aL, 1994). In 
the case of the influenza virus, sialidase is one of two surface glycoproteins and is 
considered to be important for both transporting the virus through mucin (Klenk and Rott, 

10 1988) and for the elution of virus progeny from infected cells (Palese, et aL, 1974). In a 

parasite, Trypanosoma cruzi, a sialidase (also known as trans-sialidase) removes sialic 
acids from infected cells and decorates its own surface with these sialic acids. In humans, 
silaidases are involved in protein digestion, immune responses, and cell proliferation. 
Abnormal production of sialidases may lead to serious human diseases such as sialidosis or 

15 increased Pseudomonas aeruginosa infection in cystic fibrosis patients. 

Since sialidases are associated with many diseases, a color-producing substrate of 
sialidase would be an excellent diagnostic or prognostic reagent for sialidase-related 
diseases. For instance, sialidase level is elevated in bacterial vaginosis (Briselden, et aL, 

1992) . Measurement of sialidase level in the vaginal samples could be used to diagnose 
20 bacterial vaginosis. In periodontal disease caused by bacterial infection, it has been shown 

that the presence of sialidase increases the colonization of harmful bacteria (Liljemark, et 
aL, 1989). In influenza virus, viral sialidases are elevated in the mouth of patients. 
Measurement of sialidase level in the throat swab samples could be used to diagnose 
influenza virus. The cell invasion form of T. cruzi, Trypomastigote, expresses high levels 
25 of trans-sialidase activity; therefore, measurement of trans-sialidase level could be used for 

diagnosis of T. cruzi infection and for monitoring disease progress (Cross and Tackle, 

1993) . In cystic fibrosis patients, Pseudomonas aeruginosa infection is one of the leading 
causes of death. Sialidase was shown to be involved in the disease progress (Cacalano, et 
aL, 1992). Sialidase is also related to the regulation of cell proliferation (Bratosin, et aL, 
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1995), the clearance of plasma proteins (Bonten, et aL, 1996), and the catabolism of 
gangliosides and glycoproteins (Gornati, et aL, 1997). 

The structure of sialidase has been extensively studied using numerous antigenic 
variants from several crystallographic studies (Colman, 1989, Varghese, et aL, 1983; 
5 Colman, et aL, 1983; Varghese, et aL 1992; Taylor and Itzstein, 1994). A key feature 

arising from these studies has been the fact that despite up to 50% variation in the primary 
sequence of the enzyme, the active site residues are highly conserved in both influenza A 
and B virus strains. 

N-Acetylneuraminic acid, the product resulting from sialidase-mediated hydrolysis 
10 of polysaccharides, glycoproteins, and glycolipids, is shown below with the numbering 

system used to denote the carbon atoms: 




4-position modified N-acetylneuraminic acid analogs (NeuSAc) have previously 
been described (Turner, et aL, 1997): 

2-0-(4-methylumbelliferyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-cyanoumbelliferyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 

20 2-0-(2-nitrophenyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 

2-0-(4-nitrophenyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-resorufm)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-4-chloro-3-indolyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-3-indolyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 

25 2-0-(3-indolyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 

2-(9-[4-(4nitrophenylazo)phenyl]-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-([4-(4-nitrophenylazo)resocinyl]-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-methoxyphenyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-dimethylaminophenyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
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2-0-(4-chloro- 1 -naphthyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(6-bromo-2-naphthyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(4-methylumbelliferyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
2-0-(2-nitrophenyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
5 2-0-(4-nitrophenyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 

2-0-(3-cyanoumbelliferyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
2-0-(3-resorufin)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
2-0-(5-bromo-4-chloro-3-indolyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
2-0-(5-bromo-3-indolyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 

1 0 2-0-(3-indolyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 

2-0-[4-(4nitrophenylazo)phenyl]-4-methoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-[4-(4-nitrophenylazo)resocinyl]-4-methoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-methoxyphenyl)-4-methoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-dimethylaminophenyl)-4-methoxy-N-acetylneuraminic acid-alpha-ketoside, 

1 5 2-0-(6-bormo-2-naphthyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 

2-0-(4-chloro- 1 -naphthyl)-4-deoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(4-methylumbelliferyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
2-0-(2-nitrophenyl)-4-methoxy-N-acetylneuraminc acid-alpha-ketoside, 
2-0-(4-methylumbelliferyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 

20 2-(9-(2-nitrophenyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 

2-0-(4-nitrophenyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-cyanoumbelliferyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-(9-(3-resorufin)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-4-chloro-3-indolyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 

25 2-0-(5-bromo-3-indolyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 

2-0-(3-indolyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-[4-(4-nitrophenylazo)phenyl]-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0- [4-(4-nitropheynazo)resorcinyl] -4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-methoxyphenyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
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2-0-(3-dimethylaminophenyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(4-chloro- 1 -naphthyl)-4-ethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(4-methylumbelliferyl)-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(2-nitrophenyl)-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 
5 2-(9-(4-nitrophenyl)-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 

2-0-(3-cyanoumbelliferyl)-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-resorufin)-4-methoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-4-chloro-3-indolyl)-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-3-indolyl)-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 

10 2-0-[4-(4-nitrophenylazo)phenyl]-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 

2-0-[4-(4-nitrophenyazo)resorcinyl]-4-fluoro-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-methoxyphenyl)-4-fluoro-N-acetylneuraminic acid acid-alpha-ketoside, 
2-0-[3-(dimethylamino)phenyl]-4-fluoro-N-acetylneurariiinic acid acid-alpha-ketoside, 
2-0-(4-chloro-l-naphthyl)-4-fluoro-N-acetylneuraminic acid acid-alpha-ketoside, and 

15 2-0-(6-bromo-2-naphthyl)-4-fluoro- N-acetylneuraminic acid acid-alpha-ketoside. 

Also, 4,7-alkoxy modified Af-acetylneuraminic acid (Neu5 Ac) analogs with viral 
sialidase have been reported (Liav, et al. y 1998): 

2-0-(4-methylumbelliferyl)-4,7-dimethoxy-N-acetylmeuraminic acid-alpha-ketoside, 
2-0-(2-nitrophenyl)-4,7-dimethoxy-N-acetylneuraminc acid-alpha-ketoside, 

20 2-0-(4-nitrophenyl)-4,7-methoxy-N-acetylneruaminc acid-alpha-ketoside, 

2-0-(3-cyanoumbelliferyl)-4,7-dimethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(3-resorufin)-4,7-dimethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-4-chloro-3-indolyl)-4,7-dimethoxy-N-acetylneuraminic acid-alpha-ketoside, 
2-0-(5-bromo-3-indolyl)-4,7-dimethoxy-N-acetylneuraminic acid-alpha-ketoside, 

25 2-0-(3-indolyl)-4,7-dimethoxy-N-acetylneuraminic acid-alpha-ketoside, 

2-0-[4-(4-nitrophenylazo)phenyl]- 4,7-dimethoxy-N-acetylneuraminic 
acid-alpha-ketoside, 

2-0-[4-(4-nitrophenylazo)resorcinyl]-4,7-dimethoxy-N-acetylneuraminic 
acid-alpha-ketoside, 2-0-(3-methoxyphenyl)-4,7-dimethoxy-N-acetylneuraminic 
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acid-alpha-ketoside, 2-0-(3-dimethylaminophenyl)-4J-dimethoxy-N-acetylneuraminic 
acid-alpha-ketoside, 2-0-(6-bromo-2-naphthyl)-4,7-dimethoxy-N-acetylneuraminic 
acid-alpha-ketoside, 2-0-(4-chloro-l-naphthyl)-4,7-dimethoxy-N-acetylneuraminic 
acid-alpha-ketoside, as well as the corresponding 4,7-diethoxy, 4,7-dipropyl, and 
5 4,7-dibutyl derivatives. 

The applicant is unaware of any prior reports on the reactivity of 7-, 8-, 9-, 4,8-, 
4,9-, 4,7,8,9-, 4,7,9-, 4,8,9-, 7,8-, 7,9-, 7,8,9-, or 8,9-position modified NeuSAc 
analogues with viral sialidase. 

The applicant is unaware of any prior reports on the reactivity of modified Neu5Ac 
10 analogs analogous to those presented herein with bacterial, vertebrate, or protozoal 

sialidase. 

The substrate compounds of the current invention produce a visible color change 
upon hydrolysis, which is highly advantageous in medical diagnostic applications. 



15 Brief Summary of the Invention 

In one embodiment, the current invention relates to the design and synthesis of 
novel chromogenic substrate compounds for sialidases. In another embodiment, the 
subject invention pertains to the use of the novel chromogenic substrates in assays for the 
detection of sialidases. The sialidases which are detected using the procedures and 

20 compounds of the subject invention are of bacterial, viral, protozoa, and vertebrate 

(including human) origin. In a specific embodiment, the subject invention provides a novel 
class of compounds which are useful as chromogenic substrates of sialidases. 

In one embodiment, the present invention provides chromogenic sialidase substrate 
compounds, analogues, pharmaceutically acceptable salts, derivatives, and mixtures 

25 thereof having the following formula: 



J:\Ibx\100CDl\app-as-med. wpd/DNB/sl 



7 DBX-100CD1 



5 




General Structure I 



wherein, R 1 , R 2 , R 4 , and R 5 can each, independently, be selected from the group consisting 
of H, R 11 , OC(0)R n , N0 2 , NHC(0)R", CI, Br, I, F, CHO, C(0)R", C(N-OH)NH 2 , 
10 OP0 3 R 10 , OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 10 , OSO3R 10 , OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R 10 , and CN, 
where j is an integer from 0 to 3; wherein R 3 = N0 2 , CHO, (CR 12 =CR 12 ) A CN or 
(CR 12 =CR l2 )*N0 2 , where A: is an integer from 1 to 3, or 
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wherein, R 6 , R 7 , R 8 , and R 9 can each, independently, be selected from the group consisting 
of H, N 3 , R", N0 2 , NHC(=NH)N(R ,0 ) 2 , NHC(0)R", C(0)R n , CI, Br, I, F, SR 10 , and 
(CH 2 ) X C(=NH)N(R 10 ) 2 where x is an integer from 0 to 3; wherein R 10 = H, C(CH 3 ) 3 , 
5 CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH 2 ) m CH 3 , where m is an integer 

from 0 to 3; wherein R" - R 10 , OR 10 , or N(R 10 ) 2 ; wherein, R 12 = H or (CH 2 )„; where n is 
an integer from 0 to 3. 
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Also provided are chromogenic sialidase substrate compounds, analogues, 
pharmaceutically acceptable salts, derivatives, and mixtures thereof having the formula of 
General Structure I, wherein, R 1 , R 3 , and R 5 can each, independently, be selected from the 
group consisting of H, R", OC(0)R", N0 2 , NHC(0)R n , CI, Br, I, F, CHO, C(0)R", 
5 C(N-OH)NH 2 , OPO3R 10 , OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 10 , OSO3R 10 , OS0 2 (CH 2 ),CH 3 , 

CH 2 S0 3 R 10 , or CN, where j is an integer from 0 to 3; wherein R 2 or R 4 = H, R 11 , 
OC(0)R n , N0 2 , NHC(0)R u , CI, Br, I, F, CHO, C(0)R u , C(N-OH)NH 2 , OP0 3 R 10 , 
OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 10 , OS0 3 R'°, OSO^CH^CH,, CH 2 S0 3 R 10 , 
CN,(CR I2 =CR 12 ) 4 CN, and (CR l2 =CR l2 ) A N0 2 , where j is an integer from 0 to 3, and where 
10 A: is an integer from 1 to 3, or 
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wherein, R 6 , R 7 , R 8 , and R 9 can each, independently, be selected from the group consisting 
of H, N 3 , R", N0 2 , NHC(=NH)N(R 10 ) 2 , NHC(0)R", C(0)R", CI, Br, I, F, SR 10 , and 
(CH 2 ) X C(=NH)N(R ,0 ) 2 where x is an integer from 0 to 3; wherein R 10 = H, C(CH 3 ) 3 , 
5 CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH 2 ) m CH 3 , where m is an integer 

from 0 to 3; wherein R" = R 10 , OR 10 , or N(R I0 ) 2 ; wherein, R 12 = H or (CH 2 )„; where n is 
an integer from 0 to 3. 
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10 



15 



Also provided are chromogenic sialidase substrate compounds, analogues, 
pharmaceutically acceptable salts, derivatives, and mixtures thereof having the formula of 
General Structure I, wherein, R 1 and R 3 are each, independently, selected from the group 
consisting of H, R 11 , OC(0)R", N0 2 , NHC(0)R H , CI, Br, I, F, CHO, C(0)R", C(N- 
OH)NH 2 , OP0 3 R 10 , OP0 2 (CH 2 ),CH 3 , CH^OjR 10 , OS0 3 R 10 , OS0 2 (CH 2 ),CH 3 , 
CH 2 S0 3 R 10 , CN, where j is an integer from 0 to 3, (CR ,2 =CR l2 ) k CN and 
(CR l2 =CR I2 ) k N0 2 , where k is an integer from 1 to 3; wherein, R 2 , R 3 , and R 4 can each, 
independently, be selected from the group consisting of H, R", OC(0)R", N0 2 , 
NHC(0)R", CI, Br, I, F, CHO, C(0)R n , C(N-OH)NH 2 , OP0 3 R 10 , OP0 2 (CH 2 ),CH 3 , 
CH 2 P0 3 R'°, OS0 3 R 10 , OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R'°, and CN, where j is an integer from 0 
to 3; wherein, R 6 , R 7 , R 8 , and R 9 are each, independently, selected from the group 
consisting of H, N 3 , R", N0 2 , NHC(=NH)N(R'°) 2 , NHC(0)R", C(0)R u , CI, Br, I,F, 
SR 10 , (CH 2 ) X C(=NH)N(R 10 ) 2 , where x is an integer from 0 to 3; wherein R 10 = H, C(CH 3 ) 3 , 
CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH 2 ) m CH 3 , where m is an integer 
from 0 to 3; wherein R 11 = R 10 , OR 10 , or N(R 10 ) 2 ; wherein R 12 = H or (CH 2 )„; where n is an 
integer from 0 to 3. 

Also provided are chromogenic sialidase substrate compounds, analogues, 
pharmaceutically acceptable salts, derivatives, and mixtures thereof having the following 
formula: 



20 



25 




AcHN 



General Structure II 
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wherein, R 1 , R 2 , R 3 , and R 4 are each, independently, selected from the group consisting of 
H, R 11 , OC(0)R", N0 2 , CI, Br, I, F, CHO, C(0)R u , C(N-OH)NH 2 , OP0 3 R 10 , 
OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 10 , OS0 3 R 10 , OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R 10 , and CN, where j is 
an integer from 0 to 3; wherein, R 5 = H or (CH 2 ) A CH 3 , where k is an integer from 0 to 4; 
5 wherein, R 6 , R 7 , R 8 , and R 9 are each, independently, selected from the group consisting of 

H, N 3 , R 11 , N0 2 , NHC(=NH)N(R 10 ) 2 , NHC(0)R u , C(0)R H , CI, Br, I, F, SR 10 , and 
(CH 2 ) X C(=NH)N(R'°) 2 , where x is an integer from 0 to 3; wherein, R 10 = H, C(CH 3 ) 3 , 
CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH 2 ) m CH 3 , where m is an integer 
form 0 to 3; wherein, R 11 = R 10 , OR 10 , or N(R 10 ) 2 . 
10 Also provided are chromogenic sialidase substrate compounds, analogues, 

pharmaceutically acceptable salts, derivatives, and mixtures thereof having the following 
formula: 




General Structure Ilia 



wherein, R 1 = H, R 8 , OC(0)R 8 , N0 2 , NHC(0)R 8 , CI, Br, I, F, CHO, C(0)R 8 , C(N- 
OH)NH 2 , OP0 3 R 7 , OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 7 , OS0 3 R 7 , OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R 7 , or 

1 5 CN, where j is an integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , 

CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH 2 ) m CH 3 , where m is an integer from 0 to 3; 
wherein R 3 , R 4 , R 5 , and R 6 are each, independently, selected from the group consisting of 
H, N 3 , R 8 , N0 2 , NHC(=NH)N(R 7 ) 2 , NHC(0)R 8 , C(0)R 8 , CI, Br, I, F, SR 7 , and 
(CH 2 ) X C(=NH)N(R 7 ) 2 , where x is an integer from 0 to 3; wherein R 7 = H, C(CH 3 ) 3 , 

20 CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or (CH 2 ) m CH 3 , where m is an integer 

from 0 to 3; wherein, R 8 = R 7 , OR 7 , or N(R 7 ) 2 . 
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Also provided are chromogenic sialidase substrate compounds, analogues, 
pharmaceutically acceptable salts, derivatives, and mixtures thereof having the following 
formula: 



5 




General Structure Illb 



10 

wherein, R 1 = H, R 8 , OC(0)R 8 , N0 2 , CI, Br, I, F, CHO, C(0)R 8 , C(N-OH)NH 2 , OP0 3 R 7 , 
OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 7 , OS0 3 R 7 , OSO^CH^CH,, CH 2 S0 3 R 7 , or CN, where j is an 
integer from 0 to 3; wherein, R 2 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , 
CH(CH 3 )(CH 2 ) ffl CH 3 , or (CH 2 ) m CH 3 , where m is an integer from 0 to 3; wherein, R 3 , R 4 , 
1 5 R 5 , and R 6 are each, independently, selected from the group consisting of H, N 3 , R 8 , N0 2 , 

NHC(=NH)N(R 7 ) 2 , NHC(0)R 8 , C(0)R 8 , CI, Br, I, F, SR 7 , and (CH 2 ) X C(=NH)N(R 7 ) 2 , 
where a: is an integer from 0 to 3; wherein R 7 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , 
CH(CH 3 )(CH 2 ) ffl CH 3 , or (CH 2 ) m CH 3 , where m is an integer from 0 to 3; wherein, R 8 = R 7 , 
OR 7 , orN(R 7 ) 2 . 

20 Also provided are chromogenic sialidase substrate compounds, analogues, 

pharmaceutically acceptable salts, derivatives, and mixtures thereof having the following 
formula: 
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General Structure IVa 



wherein, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , and R 7 are each, independently, selected from the group 
consisting of H, R 13 , OC(0)R 13 , N0 2 , CI, Br, I, F, CHO, C(0)R 13 , C(N-OH)NH 2 , 
OPO3R 12 , OPO^CH^CH^ CH 2 P0 3 R 12 , OSO3R 12 , OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R 12 , and CN, 
where j is an integer from 0 to 3; wherein, R 8 , R 9 , R 10 , R" are each, independently, 
5 selected from the group consisting of H, N 3 , R 13 , N0 2 , NHC(=NH)N(R 12 ) 2 , NHC(0)R 13 , 
C(0)R 13 , CI, Br, I, F, SR 12 , and (CH 2 ) X C(=NH)N(R 12 ) 2 , where x is an integer from 0 to 3; 
wherein, R 12 = H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or 
(CH 2 ) m CH 3 , where m is an integer form 0 to 3; wherein, R 13 = R 12 , OR 12 , or N(R ,2 ) 2 . 
Also provided are chromogenic sialidase substrate compounds, analogues, 
10 pharmaceutically acceptable salts, derivatives, and mixtures thereof having the following 
formula: 



15 




General Structure IVb 



wherein, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , and R 7 are each, independently, selected from the group 
20 consisting of H, R 13 , OC(0)R 13 , N0 2 , CI, Br, I, F, CHO, C(0)R 13 , C(N-OH)NH 2 , 

J :\Ibx\ 1 00CD 1 \app-as-filed.wpd/DNB/sl 



15 IBX-100CD1 

OPO3R 12 , OP0 2 (CH 2 ),CH 3 , CH 2 P0 3 R 12 , OS0 3 R 12 , OS0 2 (CH 2 ),CH 3 , CH 2 S0 3 R 12 , and CN, 
where j is an integer from 0 to 3; wherein, R 8 , R 9 , R 10 , and R n are each, independently, 
selected from the group consisting of H, N 3 , R 13 , N0 2 , NHC(=NH)N(R 12 ) 2 , NHC(0)R 13 , 
C(0)R 13 , CI, Br, I, F, SR 12 , and (CH 2 ) X C(=NH)N(R ,2 ) 2 , where x is an integer from 0 to 3; 
wherein, R 12 =H, C(CH 3 ) 3 , CH(CH 3 ) 2 , CH 2 CH(CH 3 ) 2 , CH(CH 3 )(CH 2 ) m CH 3 , or 
(CH 2 ) /M CH 3 , where m is an integer form 0 to 3; wherein, R 13 = R 12 , OR 12 , or N(R 12 ) 2 . 

The subject invention further pertains to analogues, salts, derivatives, and mixtures 
of the exemplified compounds. 

Brief Description of the Drawings 

Figure 1 - synthetic approaches for selected 4-0-alkyl 7-substituted examples 
from General Structure I are summarized in this reaction scheme. 

Figure 2 - synthetic approaches for selected 4-0-alkyl 7,9-disubstituted examples 
from General Structure I are summarized in this reaction scheme. 

Figure 3 - synthetic approaches for selected 4,7-di-0-alkyl 9-substituted examples 
from General Structure I are summarized in this reaction scheme. 

Figure 4 - synthetic approaches for selected 4-substituted examples from General 
Structure I are summarized in this reaction scheme. 

Figure 5 - synthetic approaches for selected 4-0-alkyl 7-substituted examples 
from General Structure II are summarized in this reaction scheme. 

Figure 6 - synthetic approaches for selected 4-0-alkyl 7,9-disubstituted examples 
from General Structure II are summarized in this reaction scheme. 

Figure 7 - synthetic approaches for selected 4,7-di-0-alkyl 9-substituted examples 
from General Structure II are summarized in this reaction scheme. 

Figure 8 - synthetic approaches for selected 4-substituted examples from General 
Structure II are summarized in this reaction scheme. 

Figure 9 - synthetic approaches for selected 4-0-alkyl 7-substituted examples 
from General Structures Ufa and mb are summarized in this reaction scheme. 
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Figure 10 - synthetic approaches for selected 4-O-alkyl 7,9-disubstituted examples 
from General Structures Hla and Dlb are summarized in this reaction scheme. 

Figure 11 - synthetic approaches for selected 4,7-di-O-alkyl 9-substituted 
examples from General Structures Hla and nib are summarized in this reaction scheme. 

Figure 12 - synthetic approaches for selected 4-substituted examples from General 
Structures IQa and nib are summarized in this reaction scheme. 

Figure 13 - synthetic approaches for selected 4-O-alkyl 7-substituted examples 
from General Structures IVa and IVb are summarized in this reaction scheme. 

Figure 14 - synthetic approaches for selected 4-O-alkyl 7,9-disubstituted examples 
from General Structures IVa and IVb are summarized in this reaction scheme. 

Figure 15 - synthetic approaches for selected 4,7-di-O-alkyl 9-substituted 
examples from General Structures IVa and IVb are summarized in this reaction scheme. 

Figure 16 - synthetic approaches for selected 4-substituted examples from General 
Structures IVa and IVb are summarized in this reaction scheme. 

Detailed Disclosure of the Invention 
The subject invention pertains to materials and methods useful for detecting 
sialidase. Sialidase is an enzyme known to be associated with a variety of pathological 
conditions. Sialidases are produced by bacteria, viruses, and protozoa; therefore, 
detecting the presence of sialidase in a biological sample is indicative of the presence of 
these microbes. In specific embodiments, the detection of sialidases can be performed 
according to the subject invention in order to identify vaginal and periodontal infections, 
influenza virus, and to detect Pseudomonas aeruginosa in cystic fibrosis patients. 

The presence of sialidase is detected according to the subject invention through the 
use of novel chromogenic substrate compounds. These compounds advantageously 
provide a visible color change when acted upon by sialidase. Thus, these substrates, when 
utilized according to the teachings of the subject invention, can be used to easily and 
accurately detect the presence of sialidase in a sample. In a preferred embodiment, the 
sample which is tested is a biological sample such as blood, mucous, saliva, and the like. 
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The subject invention provides compounds having structures as shown in General 
Structures I, II, Dla, Hlb, F/a, and F/b. The invention further includes derivatives, 
analogues, and salts of the exemplified compounds. These derivatives, analogues, and 
salts, which can be readily prepared by one skilled in the art and having benefit of the 
5 instant disclosure, fall within the scope of the present invention so long as such 

compounds have the characteristic of producing a color, either directly or when treated 
with an additional chemical reagent, when acted upon by a sialidase enzyme. 

The compounds of the subject invention can be employed in a wide variety of 
assay formats. Typically, the assay will involve contacting a sample to be tested for the 

10 presence of sialidase with a chromo genie enzyme substrate of the subject invention. A 

color change occurring after the sample is contacted with the substrate, either directly or 
when treated with an additional chemical reagent, is indicative of the presence of sialidase. 
The assay may optimally utilize positive and/or negative controls to aid in the 
interpretation and verification of the results. The results may also be quantitated using 

1 5 standard optical measuring instrumentation. 

Materials and Methods 
Biochemical evaluation for the chromogenic product of viral sialidase substrate 
compounds . Sialidase can be obtained from, for example, purified recombinant bacterial 

20 sialidase from Salmonella T., whole influenza virus, or culture medium containing secreted 

human sialidase from the 2CFSME cell line. The sialidase preparation is added to a buffer 
of sodium acetate (0.05 to 0.5 M; pH 5.0-6.0), and the substrate compound is provided at 
about 0.2-1.0 mM concentration. It should be noted that numerous other examples of 
buffer solution may be used, including organic acids such as citrate buffers, for example, 

25 as well as inorganic buffers, including potassium, sodium, calcium, and other such salts 

thereof. The reaction mixture is incubated at ambient temperature to physiological 
temperature (i.e, about 18-40°C) for a period of time, generally 5-30 minutes in a total 
volume of approximately 100-500 yuL. At the end of the reaction, and in the presence of 
sialidase activity, the reaction mixture exhibits a color change either directly or after the 
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addition of another reagent, generally a buffer solution of pH between 7.5 and 14. The 
color change is readily visible. The color change can be quantitated 
spectrophotometrically by measuring the light absorption of the reaction mixture. It 
should be noted that, if necessary, numerous solutions could be used as the added reagent 
5 to exhibit a color change. These include sodium hydroxide, and numerous other inorganic 

acid salts, as well as nitroblue tetrazolium, diazonium salts, or metal cations including 
Mg++, among others. 

General methodologies . The following general methods are applicable to the 
synthesis of compounds of the invention. Modifications or verifications of these methods 
10 can readily be utilized by those skilled in the art having the benefit of the instant 

disclosure. 

Esterification and O-glvcosvlation . Treatment of the appropriate compound with 
an alcohol, generally methanol, at temperatures ranging from 0°C to 45 °C, for a period of 
time, generally 4 hours to 3 days, provides the crude esterified and/or 0-glycosylated 
15 product. 

Those skilled in the art would recognize that other standard procedures are 
available for esterification of the same material, including a two-step procedure which 
involves the use of a cation exchange resin, e.g., Amberlyst 15 or Dowex 50W-X8, among 
others, in the presence of an alcohol to provide esterification, followed by 0-glycosylation 
20 of the resulting intermediate via various means. 

Guanylation of amines with subsequent deprotection . Treatment of the 
appropriate compound containing a free amino group with 

A^A^'-bis-(^-benzyloxycarbonyl)-2-methyl-2-thiopseudourea in an organic solvent, 
usually dichloromethane, in the presence of an organic base, usually triethylamine, at 
25 temperatures ranging from 0°C to 35 °C for a period of time, generally 1 hour to 4 days, 

provides the crude guanidino product (Tian, et aL, 1992). Concentration of the crude 
material, followed by chromatography provides the purified bis-tert-benzyloxycarbonyl 
guanidino product. Treatment of the bis-tert-benzyloxycarbonyl protected guanidino 
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intermediate with palladium-on-carbon catalyst in the presence of hydrogen readily 
provides the desired guanidino compound (Tian, et al. y 1992). 

Those skilled in the art would recognize that other standard methods are available 
for the guanylation of amines, including methods that employ the use of 
5 A^A^'-bis-(^^benzyloxycarbonyl)-A^-trifluoromethansulfonylguanidine (Feichtinger, et aL, 

1998) or A^A^'-bis-Zer^benzyloxycarbonylthiourea (Iwanowicz, et aL 9 1993), among others. 

O-silylation . Treatment of the appropriate compound containing a free hydroxyl 
group with tert-butyldimethylsilyl chloride in an organic solvent, generally 

10 A^A^-dimethylformamide, in the presence of an organic base, generally imidazole, for a 

period of time, generally 4-48 hours, at room temperature provides the respective 
0-silylated product. Concentration of the reaction mixture, treatment of the residue with 
an organic solvent, generally ethyl acetate or diethylether, and water, followed by 
separation, drying, and concentration of the organic phase provides a crude product 

1 5 sufficient for purification on chromatography. 

Those skilled in the art would recognize that numerous other silylating agents 
could be used for O-silylation of a free hydroxyl, including tert-butyldiphenylsilyl chloride 
(Hanessian and Lavallee, 1975), triphenylsilyl chloride (Barker, et ah, 1963), among 
others. Additionally, those skilled in the art would recognize that other methods of 

20 hydoxyl group protection are available, including ethers and esters, among others. 

De-silylation . Treatment of the appropriate compound containing a silyl ether with 
a solution of tetrabutylammonium fluoride in tetrahydrofuran (Corey and Snider, 1972) at 
room temperature for a period of time, generally, 1-12 hours, provides the de-silylation 
product. Concentration of the reaction mixture, treatment of the residue with an organic 

25 solvent, generally ethyl acetate, and water, followed by separation, drying, and 

concentration of the organic phase provides a crude product sufficient for purification on 
chromatography. 

Those skilled in the art would recognize numerous other methods of de-silylating 
the same material, including the use of potassium fluoride with a crown ether (Stork and 
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Hudrlik, 1968) or triethylamine-buffered hydrofluoric acid (Nystrom, et al., 1985), among 
others. 

Hvdolysis of O- glycosides and/or acetal protecting groups . Treatment of the 
appropriate product with an aqueous solution of /?-toluenesulfonic acid (TsOH) at room 
temperature, for a period of time, generally 30 minutes to 24 hours, followed by 
neutralization of the reaction medium provides the crude product. Lyophilization of the 
crude product gives the purified hydroxylated compound. 

Those skilled in the art would recognize numerous other methods of hydrolysis of 
similar compounds, including the use of numerous other organic or inorganic acids, as 
well as the use of ion exchange resins, particularly Dowex, Amberlyst, or Amberlyte 
resins, among others. 

O-alkylation . Treatment of the appropriate hydroxylated product with a 
suspension of sodium hydride in anhydrous tetrahydrofuran with stirring at temperatures 
ranging from 0°C to about 30 °C for a period of time, generally 10 minutes to about 48 
hours, followed by the addition of an alkylating agent, generally 1.0 to 1.5 molar 
equivalents, provides the O-alkylation product. This procedure has been reported (Liav, 
et aL, 1998) for the preparation of numerous 4-O-alkyl products of Neu5Ac. In this 
procedure, the use of dialkyl sulfate compounds as the alkylating agent provides an 
effective means to providing the O-alkylation products. Traditionally, dimethyl sulfate, 
diethyl sulfate, dipropyl sulfate, and dibutyl sulfate serve as alkylating agents; however, 
other dialkyl sulfates may be employed. The more sterically hindered hydroxyls (i.e., C-7 
hydroxyl relative to C-4 hydroxyl in the case presented herein) can be alkylated using 
these conditions when 1.5 equivalents of alkylating agent are used at temperatures of 22- 
30 °C, as has been reported (Liav, et aL, 1998). 

Those skilled in the art would recognize numerous other methods of O-alkylation 
analogous to those presented herein. These include the use of sodium hydride, or an 
alternate salt thereof, followed by the addition of methyl iodide (Lodge and Heathcock, 
1987), or an alternate alkyl salt, among others. 
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Oxidation of hydroxvls to ketones . Treatment of the appropriate hydroxylated 
product with a preparation of ruthenium tetroxide will readily provide the appropriate 
ketone intermediate. This method has been employed in the selective oxidation of the 
4-hydoxyl group in methyl 8,9-di-0-isopropylidine-2-O-methyl-Neu5Ac (compound 1, 
5 Figure 1), a procedure reported herein (Zbiral, et al, 1989), and in the oxidation of the 

7-hydroxyl group in a compound analogous to one that is reported herein (Salunkhe, et 
al. 9 1988). 

The ruthenium tetroxide preparation is generated according to known procedures 
(Johnson, 1993), and involves the use of commercially available ruthenium dioxide in an 

10 aqueous solution of sodium periodate to which potassium carbonate is added at room 

temperature. When the resulting mixture generates a yellow color that is consistent and 
does not fade with stirring, the ruthenium tetroxide preparation is generated. At that time, 
a solution of the appropriate alcohol in dichloromethane is added dropwise with stirring 
over a period of time, generally 10 minutes to 4 hours. The resulting two-phase 

15 suspension is stirred at room temperature for a period of time, generally 12 to 36 hours, 

during which time, the pH of the suspension is maintained at ca. 9 by the periodic addition 
of aqueous potassium carbonate. After completion, the reaction is quenched by the 
addition of 2-propanol, and the product is isolated by extraction, followed by 
concentration under reduced pressure. 

20 Those skilled in the art would recognize that other standard procedures are 

available for the oxidation of appropriate hydroxyls to ketones, including pyridinium 
chlorochromate (Kang and Hong, 1987), pyridinium dichromate (Czernecki, et ai, 
1985),and manganese dioxide (Barakat, et al. 9 1956), among others. 

Diastereoselective reduction of ketones to provide hydroxyls . The appropriate 

25 ketone analogue is treated with dry methanol and the resulting solution is cooled to 0°C. 

Borane-ammonia complex is then added, and the stirring is continued for a period of time, 
generally 30 minutes to 4 hours. The solvent is removed under reduced pressure, and the 
crude material is purified via chromatography over silica gel. This method has been 
employed in the diastereoselective reduction of the 4-keto function of an analogue derived 
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from the regioselective oxidation of the 4-hydroxyl group in methyl 
8,9-di-0-isopropylidine-2-O-methyl-Neu5Ac (compound 1, Figure 1), to provide the 4-epi 
sialic acid analogue, compound 24 (Figure 4) (Zbiral, et al. 9 1989). Additionally, this 
method has been employed in the diastereoselective reduction of the 7-keto function of a 
5 compound analogous to one reported herein (Salunkhe, et ai, 1988). 

Those skilled in the art would recognize other methods of effecting the 
diastereoselective reduction of the appropriate ketone (Brown, et al 1987), including 
those methods employing diisopinocamphenylchloroborane or 
iMsopinocamphenyl-9-borabicyclo[3.3.1]nonane, among others. 

10 O-acetylation and glycosyl chloride preparation . Treatment of the appropriate 

esterified Neu5 Ac modified product with acetyl chloride with stirring at room temperature 
under anhydrous conditions for a period of time, generally 20-24 hours, results in 
formation of the per-O-acetylated glycosyl chloride. Note that in some instances the 
bubbling of dry hydrogen chloride (gas) into the reaction vessel is necessary to effect 

1 5 glycosyl chloride formation. Concentration of the reaction mixture with the water bath 

temperature not exceeding 35 °C, and drying the residue in vacuo provides the product as 
a foam sufficiently pure for subsequent reactions. 

Those skilled in the art would recognize that other standard procedures are 
available for O-acetylation and glycosyl chloride preparation of the same materials, 

20 including a previously reported two-step procedure on an analogous compound (Kuhn, et 

aL 9 1966) which involves per-O-acetylation with acetic anhydride in perchloric acid, 
followed by formation of the glycosyl chloride by treatment with acetyl chloride. 

O-glycosylation . Treatment of the appropriate hydroxy aromatic derivative with 
sodium hydride in anhydrous tetrahydrofliran with stirring at room temperature for a 

25 period of time, generally 1 to 3 hours, results in formation of the sodium salt. Subsequent 

treatment of the sodium salt with the glycosyl chloride (compound 7, for example) with 
stirring, for a period of time, generally 12-60 hours, at room temperature results in 
O-glycosylation. Concentration of the reaction mixture, treatment of the residue with an 
organic solvent, generally ethyl acetate, and water, followed by separation, drying, and 
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concentration of the organic phase provides a crude product sufficient for purification on 
chromatography. 

Those skilled in the art would recognize that other standard procedures are 
available for (9-glycosylation of the same materials, such as traditional Lewis 
5 Acid-mediated 0-glycosylation methodologies (Okamoto and Goto, 1990), as well as the 

use of alternate salts of the substituted aromatic hydroxyl derivative, including 
tetrabutylammonium (Baggett and Marsden, 1982) or silver (Holmquist and Brossmer, 
1972) salts, among others. 

Hydrogenation of azides to amines . Treatment of the appropriate azido compound 

10 with palladium-on-carbon catalyst (generally 5-20 mol %) in an organic solvent, generally 

ethyl acetate or ethanol, at room temperature followed by exposure to hydrogen gas under 
a pressure ranging from atmospheric to ca. 55 psi for a period of time, generally 2 to 36 
hours, readily provides the appropriate amino compound. The reaction mixture is filtered 
through celite to remove all catalyst, and the filtrate is concentrated under reduced 

1 5 pressure to provide the crude amino compound. Subsequent purification by 

chromotography provides the purified amino compound. 

Those skilled in the art would recognize that there are numerous other methods of 
reducing an azido group to an amino group, including the use of other catalysts such as 
Raney nickel, among others. 

20 Activation of free hydroxyl for displacement and displacement of activated 

hydroxyl with appropriate nucleophiles . Treatment of the appropriate compound with a 
free hydroxyl group with methanesulfonyl chloride and triethylamine in an organic solvent, 
generally dichloromethane, at temperatures ranging from -10°C to 25 °C, for a period of 
time, generally 1-24 hours, provides the activated hydroxyl intermediate. Subsequent 

25 treatment of the activated hydroxyl intermediate with an appropriate nucleophile (lithium 

azide, for example) in an anhydrous organic solvent, generally dimethylformamide or 
acetonitrile, for a period of time, generally 1-48 hours, provides the crude substituted 
product. Concentration of the reaction mixture, treatment of the residue with an organic 
solvent, generally ethyl acetate, and water, followed by separation, drying, and 
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concentration of the organic phase provides a crude product sufficient for purification on 
chromatography. This method of activation followed by displacement has been applied to 
the synthesis of numerous carbohydrate analogues. 

Those skilled in the art would recognize that other standard procedures are 
5 available for the activation of a free hydroxyl for displacement, including procedures 

employing trifluoromethanesulfonic anhydride in pyridine and dichloromethane (Ambrose, 
et al 9 1983; Johnson, et aL 9 1993), 1,1-thiocarbonyldiimidazole in dimethylformamide 
(Johnson, et aL 9 1993),/?-toluenesulfonyl chloride in pyridine (Johnson, et ai, 1993), or 
Mitsunobu methodologies (Mitsunobu et aL, 1972) employing triphenylphosphine and 
10 diethylazodicarboxylate, among others. 

Those skilled in the art would also recognize that other standard reagents 
(nucleophiles) are available for the displacement of activated hydroxyls, such as 
thioacetate (Hojo, et al 9 1977), phthalimide (Mitsunobu, et al, 1972), lithium chloride 
(Clarke and Owen, 1949), as well as the use of other salts of the nucleophiles, including 
15 lithium or sodium salts, among others. The use of these alternate nucleophiles, among 

others, would provide access to numerous analogues of the General Structures. 

De-O-acetylation and de-esterification . The 0-acetylated 0-glycoside ester is 
taken up in aqueous sodium hydroxide and stirred at room temperature for a period of 
time, generally 1-4 hours. The mixture is then adjusted to pH 3-5 with Dowex 50W-X4 
20 (H+) resin. Filtration, followed by lyophilization of the filtrate affords the desired 

de-O-acetylated and de-esterified material. The material is usually sufficiently pure for 
subsequent synthetic procedures; however, it may be purified by chromatography. 

Those skilled in the art would recognize that other standard procedures are 
available for the complete de-O-acetylation and de-esterification of the same material, 
25 including a two-step procedure which involves complete de-O-acetylation of the same 

material with sodium methoxide in methanol or with an appropriate ion exchange resin, 
e.g., Amberlite IRA-400 (OH-), followed by de-esterification using conditions of acid 
hydrolysis or base hydrolysis. 

Synthesis of chromogenic substrates of sialidases . 
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A. Compounds with General Structure I and their salts and derivatives, may be 
prepared using any of several methods known in the art for the synthesis of substituted 
sialic acid analogues containing analogous structures. 

To illustrate, synthetic approaches for selected examples of 4-, 4,7-, and 4,7,9- 
5 position modified analogues of General Structure I are summarized in Figures 1-4. These 

synthetic approaches are representative of the types of procedures that can be employed. 
Table 1 lists specific compounds that are prepared using the synthetic approaches 
presented herein. 



10 Table 1. 
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In another specific embodiment, the subject invention includes compounds having 
the following structures: 



Table 2. 




o 



Cpd. 


Rs 


R7 


Rs 


R 9 


9c 


OCHs 


NH2 


OH 


H 


15c 


OCHs 


NH2 


NH: 


H 


21c 


OCHa 


OCHs 


NH 2 


H 


22c 


OCHs 


OCH3 


NHC(=NH)NH 2 


H 


29c 


NHC(=NH)NH, 


OH 


OH 


H 



Advantageously, these compounds presented in Table 2 produce a blue color 
change when acted upon by viral sialidase. 

15 It should be noted that the present invention relates to chromogenic substrate 

compounds that are useful in the detection of sialidase. As such, the present invention 
relates to chromogenic substrate compounds in addition to those presented in Tables 1 and 
2. Likewise, numerous other analogues with varying R 1 , R 2 , R 3 , R 6 , R 7 , and/or R 8 , as 
defined in the Summary of the Invention, can be prepared using analogous or altogether 

20 different methods. 



J :\Ibx\ 1 00CD 1 \app-as-filed. wpd/DNB/sl 



27 IBX-100CD1 

4-O-Alkyl 7 -Substituted Analogues from General Structure L 

Figure 1 illustrates constructing a basic skeleton of General Structure I via 
0-alkylation of methyl 8,9-0-isopropylidene-2-0-methyl-Neu5Ac (1) using conditions 
previously reported (Liav, 1998) for the same compound. Compound 1 is generally 
5 prepared according to known procedures (Kim, 1988; Liav, 1996; Hartman and Zbiral, 

1989). OAlkylation of 1 using any of a series of dialkyl sulfate analogues including 
dimethyl sulfate, diethyl sulfate, diisopropyl sulfate, among others, provides the 4-O-alkyl 
compound 2 and the 4,7-di-O-alkyl compound 3 as a separable mixture on 
chromatography. Treatment of compound 2 with ruthenium tetroxide provides the 

10 intermediate 7-keto analogue, followed by subsequent diastereoselective reduction with 

borane-ammonia gives the 7-epi-sialic acid analogue 4. Compound 4, with a free 
7-hydroxyl group, is then activated for displacement via the methanesulfonate intermediate 
by reaction of 4 with methanesulfonyl chloride (MsCl) in the presence of organic base. 
Nucleophilic displacement of the methanesulfonate group with sodium azide readily 

15 provides the 7-azido analogue compound 5. Acid-mediated hydrolysis of the methyl 

glycoside and acetal moieties in compound 5 using aqueous /?-toluenesulfonic acid (TsOH) 
provides compound 6. Treatment of compound 6 with acetyl chloride provides the 
per-O-acetylated glycosyl chloride product compound 7. Treatment of compound 7 with 
the sodium salt of numerous substituted hydroxy aromatic compounds will provide the key 

20 intermediates to the desired targets, compounds 8. Generation of the sodium salt is 

accomplished with sodium hydride in tetrahydrofuran. Subsequent de-O-acetylation and 
de-esterification of the resulting intermediates is accomplished with an aqueous sodium 
hydroxide solution and workup involving acidification of the reaction medium. 
Subsequent hydrogenation of the azido moiety in the presence of palladium-on-carbon 

25 catalyst, in the usual manner, gives the 7-amino compounds 9. This provides access to the 

4-(9-alkyl 7-substituted analogues from General Structure I. 

It should be noted that compound 9a, wherein R 3 = CHO, can readily be converted 
to provide compound 9b, wherein R 3 = CH=CHN0 2 , (for structures, see Table 1) 
according to a standard procedure employing nitromethane, ammonium acetate, and acetic 
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acid in ethanol under reflux. This procedure has been utilized in the preparation of 
nitrovinyl analogues of other monosaccharides (Patel and Richardson, 1986; Aamlid, et 
aL, 1990) as chromogenic substrates for the assay of glycosidases; however, none of the 
products or intermediates described herein are contained in the aforementioned references. 
5 It should also be noted that compound 9c (for structure, see Table 2) can readily 

be prepared using the procedure outline in Figure 1, by employing the di-sodium salt of 
commercially available thymolphthalein in the conversion of compound 7 to compound 8. 
The di-sodium salt of thymolphthalein is generated using sodium hydride in 
tetrahydrofuran as described for numerous hydroxy aromatic compounds. 

10 

4-O-Alkyl 7 ,9-Di-substituted Analogues from General Structure I. 

Figure 2 illustrates constructing a basic skeleton of General Structure I via the 
conversion of compound 6 to compound 10 via acid-mediated methyl glycoside formation, 
followed by 9-0-silylation using tert-butyldimethylsilyl chloride ( t BuMe 2 SiCl). Compound 

15 6 is prepared according to the procedure outlined in Figure 1 . Acetylation of the 

8-hydroxyl group with acetyl chloride under standard conditions, followed by de-silylation 
with tetra-butyl ammonium fluoride (Bu 4 NF) readily provides the 9-hydroxy analogue 1 1 . 
Compound 11, with a free 9-hydroxyl group, is then activated for displacement via the 
methanesulfonate intermediate by reaction of 1 1 with methanesulfonyl chloride (MsCl) in 

20 the presence of base. Nucleophilic displacement of the methanesulfonate group with 

sodium azide readily provides the 9-azido analogue compound 12. Acid-mediated 
hydrolysis of the methyl glycoside in compound 12 using aqueous /Moluenesulfonic acid 
(TsOH), followed by acetylation and glycosyl chloride generation using acetyl chloride 
provides compound 13. Treatment of compound 13 with the sodium salt of numerous 

25 substituted hydroxy aromatic compounds gives the key intermediates to the desired 

targets, compounds 14. Generation of the sodium salt is accomplished with sodium 
hydride in tetrahydrofuran. Subsequent de-0-acetylation and de-esterification of the 
resulting intermediates is accomplished with an aqueous sodium hydroxide solution and 
workup involving acidification of the reaction medium. Subsequent hydrogenation of the 
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azido moieties in the presence of palladium-on-carbon catalyst, in the usual manner, gives 
the 7,9-di-amino compounds 15. This provides access to the 4-0-alkyl 7,9-di-substituted 
analogues from General Structure I. 

It should be noted that compound 15 a, wherein R 3 = CHO, can readily be 
5 converted to provide a compound 15b, wherein R 3 = CH=CHN0 2 , (for structures, see 

Table 1) according to a standard procedure employing nitromethane, ammonium acetate, 
and acetic acid in ethanol under reflux. This procedure has been utilized in the preparation 
of nitro vinyl analogues of other monosaccharides (Patel and Richardson, 1986; Aamlid, et 
aL, 1990) as chromo genie substrates for the assay of glycosidases; however, none of the 
10 products or intermediates described herein are contained in the aforementioned references. 

It should also be noted that compound 15c (for structure, see Table 2) can readily 
be prepared using the procedure outline in Figure 2, by employing the di-sodium salt of 
commercially available thymolphthalein in the conversion of compound 13 to compound 
15 14. The di-sodium salt of thymolphthalein is generated using sodium hydride in 

tetrahydrofuran as described for numerous hydroxy aromatic compounds. 

4, 7-Di-O-alkyl 9-Substituted Analogues from General Structure I. 

Figure 3 illustrates constructing a basic skeleton of General Structure I via the 

20 conversion of compound 3 to compound 16 via acid-mediated methyl glycoside formation, 

followed by re-generation of the methyl glycoside moiety using acid-mediated means in 
methanol and 9-0-silylation using tert-butyldimethylsilyl chloride ( t BuMe 2 SiCl). 
Compound 3 is prepared according to the procedure outlined in Figure 1 . Subsequent 
acetylation of the 8-hydroxyl group in 16 with acetyl chloride, followed by de-silylation 

25 with tetra-butylammonium fluoride (Bu 4 NF) gives compound 17. Compound 17, with a 

free 9-hydroxyl group, is then activated for displacement via the methanesulfonate 
intermediate by reaction of 17 with methanesulfonyl chloride (MsCl) in the presence of 
base. Nucleophilic displacement of the methanesulfonate group with sodium azide readily 
provides the 9-azido analogue compound 18. Acid-mediated hydrolysis of the methyl 
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glycoside in compound 18 using aqueous p-toluenesulfonic acid (TsOH), followed by 
acetylation and glycosyl chloride generation using acetyl chloride provides compound 19. 
Treatment of compound 19 with the sodium salt of numerous substituted hydroxy 
aromatic compounds provides the key intermediates to the desired targets. Generation of 
5 the sodium salt is accomplished with sodium hydride in tetrahydrofuran. Subsequent 

de-(9-acetylation and de-esterification of the resulting intermediates is accomplished with 
an aqueous sodium hydroxide solution and workup involving acidification of the reaction 
medium. Subsequent hydrogenation of the azido moiety in the presence of 
palladium-on-carbon catalyst, in the usual manner, gives the 9-amino compounds 21. 

1 0 Treatment of 2 1 with N, A^'-bis-^rr-benzyloxycarbonyl-2-methyl-2-thiopseudourea in 

dichloromethane under standard conditions, followed by subsequent hydrogenation using 
palladium-on-carbon catalyst gives the 9-guanidino compounds 22. This provides access 
to the 4,7-Di-O-alkyl 9-substituted analogues from General Structure I. 

It should be noted that compounds 21a and 22a, wherein R 3 = CHO, can readily be 

15 converted to the respective compounds 21b and 22b, wherein R 3 = CH=CHN0 2 , (for 

structures, see Table 1) according to a standard procedure employing nitromethane, 
ammonium acetate, and acetic acid in ethanol under reflux. This procedure has been 
utilized in the preparation of nitro vinyl analogues of other monosaccharides (Patel and 
Richardson, 1986; Aamlid, et al. 9 1990) as chromogenic substrates for the assay of 

20 glycosidases; however, none of the products or intermediates described herein are 

contained in the aforementioned references. 

It should also be noted that compounds 21c and 22c (for structure, see Table 2) 
can readily be prepared using the procedure outline in Figure 3, by employing the 
di-sodium salt of commercially available thymolphthalein in the conversion of compound 

25 19 to compound 20. The di-sodium salt of thymolphthalein is generated using sodium 

hydride in tetrahydrofuran as described for numerous hydroxy aromatic compounds. 
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4-Substituted Analogues from General Structure I. 

Figure 4 illustrates constructing a basic skeleton of General Structure I via the 
regioselective oxidation of the 4-hydroxyl group in compound 1 using ruthenium tetroxide 
under conditions reported previously (Zbiral, et aL, 1989) for the same compound. 
5 Compound 1 is generally prepared according to known procedures (Kim, 1988; Liav, 

1996; Hartman and Zbiral, 1989). Diastereoselective reduction of the 4-ketone group in 
compound 23 with borane-ammonia gives the 4-epi-sialic acid analogue 24. Compound 
24, with free 4- and 7-hydroxyl groups, is then regioselectively activated for displacement 
at C-4 via treatment with triphenylphosphine (Ph 3 P) and diethylazodicarboxylate (DEAD) 

10 in toluene, followed by the subsequent treatment with HN 3 in toluene to give the 4-azido 

compound 25. This two-step transformation of compound 24 to compound 25 has been 
reported for the preparation of the same compound (Zbiral, et aL, 1989). Acid-mediated 
hydrolysis of the methyl glycoside and acetal moieties in compound 25 using aqueous 
/>-toluenesulfonic acid (TsOH), followed by per-O-acetylation and glycosyl chloride 

15 generation using acetyl chloride gives compound 26. Treatment of compound 26 with the 

sodium salt of numerous substituted hydroxy aromatic compounds provides the key 
intermediates to the desired targets, compounds 27. Generation of the sodium salt is 
accomplished with sodium hydride in tetrahydrofuran. Subsequent de-O-acetylation and 
de-esterification of the resulting intermediates is accomplished with an aqueous sodium 

20 hydroxide solution and workup involving acidification of the reaction medium. 

Hydrogenation of the azido moiety in the presence of palladium-on-carbon catalyst, in the 
usual manner, gives the 4-amino compounds 28. . Treatment of 28 with 
A r ,A^ / -bis-^-benzyloxycarbonyl-2-methyl-2-thiopseudourea in dichloromethane under 
standard conditions, followed by subsequent hydrogenation using palladium-on-carbon 

25 catalyst gives the 4-guanidino compounds 29. This provides access to the 4-substituted 

analogues from General Structure I. 

It should be noted that compound 28a and 29a, wherein R 3 = CHO, can readily be 
converted to the respective compounds 28b and 29b, wherein R 3 = CH=CHN0 2 , (for 
structures, see Table 1) according to a standard procedure employing nitromethane, 
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ammonium acetate, and acetic acid in ethanol under reflux. This procedure has been 
utilized in the preparation of nitrovinyl analogues of other monosaccharides (Patel and 
Richardson, 1986; Aamlid, et aL, 1990) as chromogenic substrates for the assay of 
glycosidases; however, none of the products or intermediates described herein are 
5 contained in the aforementioned references. 

It should also be noted that compounds 28c and 29c (for structure, see Table 2) 
can readily be prepared using the procedure outline in Figure 4, by employing the 
di-sodium salt of commercially available thymolphthalein in the conversion of compound 
26 to compound 27. The di-sodium salt of thymolphthalein is generated using sodium 
10 hydride in tetrahydrofuran as described for numerous hydroxy aromatic compounds. 

B. Compounds with General Structure II and their salts and derivatives, may be 
prepared using any of several methods known in the art for the synthesis of substituted 
sialic acid analogs containing analogous structures. 

To illustrate, synthetic approaches for selected examples of 4-, 4,7-, and 4,7,9- 
15 position modified analogues of General Structure II are summarized in Figures 5-8. These 

synthetic approaches are representative of the types of procedures that can be employed. 

It should be noted that the present invention relates to chromogenic substrate 
compounds that are useful in the detection of sialidase. As such, the present invention 
relates to chromogenic substrate compounds in addition to those presented in Figures 5-8. 
20 Likewise, numerous other analogues with varying R 1 , R 2 , R 3 , R 6 , R 7 , and/or R 8 , as defined 

in the Summary of the Invention, can be prepared using analogous or altogether different 
methods. 

4-O-Alkyl 7 -Substituted Analogues from General Structure II 
25 Figure 5 illustrates constructing a basic skeleton of General Structure II via 

(9-alkylation of methyl 8,9-<9-isopropylidene-2-0-methyl-Neu5Ac (1) using conditions 
previously reported (Liav, 1998) for the same compound. Compound 1 is generally 
prepared according to known procedures (Kim, 1988; Liav, 1996; Hartman and Zbiral, 
1989). O-Alkylation of 1 using any of a series of dialkyl sulfate analogues including 
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dimethyl sulfate, diethyl sulfate, diisopropyl sulfate, among others, provides the 4-<9-alkyl 
compound 2 and the 4,7-di-O-alkyl compound 3 as a separable mixture on 
chromatography. Treatment of compound 2 with ruthenium tetroxide provides the 
intermediate 7-keto analogue, followed by subsequent diastereoselective reduction with 
5 borane-ammonia gives the 7-epi-sialic acid analogue 4. Compound 4, with a free 

7-hydroxyl group, is then activated for displacement via the methanesulfonate intermediate 
by reaction of 4 with methanesulfonyl chloride (MsCl) in the presence of organic base. 
Nucleophilic displacement of the methanesulfonate group with sodium azide readily 
provides the 7-azido analogue compound 5. Acid-mediated hydrolysis of the methyl 

10 glycoside and acetal moieties in compound 5 using aqueous j^-toluenesulfonic acid (TsOH) 

provides compound 6. Treatment of compound 6 with acetyl chloride provides the 
per-Oacetylated glycosyl chloride product compound 7. 

Treatment of any of numerous substituted indoxyl 1,3-diacetate compounds 
(compounds 30) with sodium methoxide in anhydrous N, A^imethylformamide readily 

1 5 provides the modified 3 -hydroxy indole compounds 3 1 . This procedure has been utilized 

in the preparation of 5-bromo-3-hydroxy indole (compound 31, wherein, R 1= R 3; =R 4 =H 
and R 2 =Br)(Eschenfelder and Brossmer, Glycoconjugate 1987). Subsequent treatment 
of compound 31 with compound 7 in anhydrous N,N-dimethylformamide provides the 
desired modified indole (9-glycoside compounds 32, according to a known procedure for 

20 the preparation of methyl //-acetyl-4,7,8,9-tetra-0-acetyl-2-0-(5-bromoindol-3-yl)-(-D- 

neuriminate (Eschenfelder and Brossmer, Glycoconjugate J., 1987). Analogously, 
3-indolyl 0-glycosides of other monosaccharides have been prepared using these and 
alternate conditions (Robertson, 1927; Freudenberg, et al. 9 1952; Horwitz, et al, 1964; 
Ley, et al. 9 1987); however, none of the products or intermediates described herein are 

25 contained in the aforementioned references. Treatment of compound 32 with sodium 

hydride in tetrahydrofuran, followed with an alkyl halide (R 5 Br) provides the 7V-alkylated 
intermediates. Subsequent de-O-acetylation and de-esterification of the resulting 
intermediates is accomplished with an aqueous sodium hydroxide solution and workup 
involving acidification of the reaction medium. Hydrogenation of the azido moiety in the 
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presence of palladium-on-carbon catalyst, in the usual manner, gives the 7-amino 
compounds 33. This provides access to the 4-<9-alkyl 7-substituted analogues from 
General Structure EL 

4-O-Alkyl 7, 9-Di-substituted Analogues from General Structure II. 

Figure 6 illustrates constructing a basic skeleton of General Structure II via the 
conversion of compound 6 to compound 10 via acid-mediated methyl glycoside formation, 
followed by 9-O-silylation using tert-butyldimethylsilyl chloride ( t BuMe 2 SiCl). Compound 
6 is prepared according to the procedure outlined in Figure 1 . Acetylation of the 
8-hydroxyl group with acetyl chloride under standard conditions, followed by de-silylation 
with tetra-butyl ammonium fluoride (Bu 4 NF) readily provides the 9-hydroxy analogue 1 1 . 
Compound 11, with a free 9-hydroxyl group, is then activated for displacement via the 
methanesulfonate intermediate by reaction of 1 1 with methanesulfonyl chloride (MsCl) in 
the presence of base. Nucleophilic displacement of the methanesulfonate group with 
sodium azide readily provides the 9-azido analogue compound 12. Acid-mediated 
hydrolysis of the methyl glycoside in compound 12 using aqueous /?-toluenesulfonic acid 
(TsOH), followed by acetylation and glycosyl chloride generation using acetyl chloride 
provides compound 13. 

Treatment of any of numerous substituted indoxyl 1,3-diacetate compounds 
(compound 30) with sodium methoxide in anhydrous N, N-dimethylformamide readily 
provides the modified 3-hydroxy indole compound 3 1 . This procedure has been utilized in 
the preparation of 5-bromo-3-hydroxy indole (compound 31, wherein, R 1= R 3 =R 4 =H and 
R 2 =Br)(Eschenfelder and Brossmer, Glycoconjugate 1987). Subsequent treatment of 
compound 34 with compound 13 in anhydrous A^A^-dimethylformamide provides the 
desired modified indole O- glycoside compounds 34, according to a known procedure for 
the preparation of methyl 7/-acetyl-4,7,8,9-tetra-0-acetyl-2-0-(5-bromoindol-3-yl)-(-D- 
neuriminate (Eschenfelder and Brossmer, Glycoconjugate J., 1987). Analogously, 
3-indolyl (9-glycosides of other monosaccharides have been prepared using these and 
alternate conditions (Robertson, 1927; Freudenberg, et al, 1952; Horwitz, et aL, 1964; 
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Ley, et aL, 1987); however, none of the products or intermediates described herein are 
contained in the aforementioned references. Treatment of compound 34 with sodium 
hydride in tetrahydrofuran, followed with an alkyl halide (R 5 Br) provides the N-alkylated 
intermediates. Subsequent de-O-acetylation and de-esterification of the resulting 
5 intermediates is accomplished with an aqueous sodium hydroxide solution and workup 

involving acidification of the reaction medium. Hydrogenation of the azido moiety in the 
presence of palladium-on-carbon catalyst, in the usual manner, gives the 7,9-di-amino 
compounds 35. This provides access to the 4-O-alkyl 7,9-di-substituted analogues from 
General Structure H 

10 

4, 7-Di-O-Alkyl 9-Substituted Analogues from General Structure II 

Figure 7 illustrates constructing a basic skeleton of General Structure II via the 
conversion of compound 3 to compound 16 via acid-mediated methyl glycoside formation, 
followed by re-generation of the methyl glycoside moiety using acid-mediated means in 

1 5 methanol and 9-O-silylation using tert-butyldimethylsilyl chloride ( t BuMe 2 SiCl). 

Compound 3 is prepared according to the procedure outlined in Figure 1 . Subsequent 
acetylation of the 8-hydroxyl group in 16 with acetyl chloride, followed by de-silylation 
with tetra-butylammonium fluoride (Bu 4 NF) gives compound 17. Compound 17, with a 
free 9-hydroxyl group, is then activated for displacement via the methanesulfonate 

20 intermediate by reaction of 1 7 with methanesulfonyl chloride (MsCl) in the presence of 

base. Nucleophilic displacement of the methanesulfonate group with sodium azide readily 
provides the 9-azido analogue compound 18. Acid-mediated hydrolysis of the methyl 
glycoside in compound 18 using aqueous /?-toluenesulfonic acid (TsOH), followed by 
acetylation and glycosyl chloride generation using acetyl chloride provides compound 19. 

25 Treatment of any of numerous substituted indoxyl 1,3-diacetate compounds 

(compounds 30) with sodium methoxide in anhydrous Af Af-dimethylformamide readily 
provides the modified 3-hydroxy indole compounds 3 1 . This procedure has been utilized 
in the preparation of 5-bromo-3-hydroxy indole (compound 31, wherein, R 1= R 3 =R 4 =H 
and R 2 =Br) (Eschenfelder and Brossmer, Glycoconjugate J., 1987). Subsequent 
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treatment of compound 31 with compound 19 in anhydrous Af N-dimethylformamide 
provides the desired modified indole O-glycoside compounds 36, according to a known 
procedure for the preparation of methyl A/-acetyl-4,7,8,9-tetra-0-acetyl-2-O-(5- 
bromoindol-3-yl)-(-D-neuriminate (Eschenfelder andBrossmer, GlycoconjugateJ., 1987). 
5 Analogously, 3-indolyl O-glycosides of other monosaccharides have been prepared using 

these and alternate conditions (Robertson, 1927; Freudenberg, et al, 1952; Horwitz, et 
aL, 1964; Ley, et al. y 1987); however, none of the products or intermediates described 
herein are contained in the aforementioned references. Treatment of compound 36 with 
sodium hydride in tetrahydrofuran, followed with an alkyl halide (R 5 Br) provides the 

10 N-alkylated intermediates. Subsequent de-0-acetylation and de-esterification of the 

resulting intermediates is accomplished with an aqueous sodium hydroxide solution and 
workup involving acidification of the reaction medium. Finally, hydrogenation of the 
azido moiety in the presence of palladium-on-carbon catalyst, in the usual manner, gives 
the 9-amino compounds 37. Treatment of 37 with 

15 7V,A^'-bis-^-benzyloxycarbonyl-2-methyl-2-thiopseudourea in dichloromethane under 

standard conditions, followed by subsequent hydrogenation using palladium-on-carbon 
catalyst gives the 4-guanidino compounds 38. This provides access to the 4,7-0-alkyl 
9-substituted analogues from General Structure II. 

20 4-Substituted Analogues from General Structure II 

Figure 8 illustrates constructing a basic skeleton of General Structure II via the 
regioselective oxidation of the 4-hydroxyl group in compound 1 using ruthenium tetroxide 
under conditions reported previously (Zbiral, et al. 9 1989) for the same compound. 
Compound 1 is generally prepared according to known procedures (Kim, 1988; Liav, 

25 1996; Hartman and Zbiral, 1989). Diastereoselective reduction of the 4-ketone group in 

compound 23 with borane-ammonia gives the 4-epi-sialic acid analogue 24. Compound 
24, with free 4- and 7-hydroxyl groups, is then regioselectively activated for displacement 
at C-4 via treatment with triphenylphosphine (Ph 3 P) and diethylazodicarboxylate (DEAD) 
in toluene, followed by the subsequent treatment with HN 3 in toluene to give the 4-azido 
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compound 25. This two-step transformation of compound 24 to compound 25 has been 
reported for the preparation of the same compound (Zbiral, et aL, 1989). Acid-mediated 
hydrolysis of the methyl glycoside and acetal moieties in compound 25 using aqueous 
p-toluenesulfonic acid (TsOH), followed by per-O-acetylation and glycosyl chloride 
5 generation using acetyl chloride gives compound 26. 

Treatment of any of numerous substituted indoxyl 1,3-diacetate compounds 
(compound 30) with sodium methoxide in anhydrous Af-dimethylformamide readily 
provides the modified 3-hydroxy indole compound 3 1 . This procedure has been utilized in 
the preparation of 5-bromo-3-hydroxy indole (compound 31, wherein, R 1= R 3 =R 4 =H and 
10 R 2 =Br)(Eschenfelder and Brossmer, Glycoconjugate 1987). Subsequent treatment of 

compound 31 with compound 26 in anhydrous N,N-dimethylformamide provides the 
desired modified indole 0-glycoside compounds 36, according to a known procedure for 
the preparation of methyl 

A L acetyl-4,7,8,9-tetra-0-acetyl-2-0-(5-bromoindol-3-yl)-(-D-neuriminate (Eschenfelder 
15 and Brossmer, Glycoconjugate J., 1987). Analogously, 3-indolyl <9-glycosides of other 

monosaccharides have been prepared using these and alternate conditions (Robertson, 
1927; Freudenberg, et aL, 1952; Horwitz, et aL, 1964; Ley, et aL, 1987); however, none 
of the products or intermediates described herein are contained in the aforementioned 
references. Treatment of compound 39 with sodium hydride in tetrahydrofuran, followed 
20 with an alkyl halide (R 5 Br) provides the N-alkylated intermediates. Subsequent 

de-O-acetylation and de-esterification of the resulting intermediates is accomplished with 
an aqueous sodium hydroxide solution and workup involving acidification of the reaction 
medium. Finally, hydrogenation of the azido moiety in the presence of 
palladium-on-carbon catalyst, in the usual manner, gives the 4-amino compounds 40. 
25 Treatment of 40 with A^A^'-bis-^r/-benzyloxycarbonyl-2-methyl-2-thiopseudourea in 

dichloromethane under standard conditions, followed by subsequent hydrogenation using 
palladium-on-carbon catalyst gives the 4-guanidino compounds 41 . This provides access 
to the 4-substituted analogues from General Structure II. 
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C. Compounds with General Structures Ilia and nib and their salts and 
derivatives, may be prepared using any of several methods known in the art for the 
synthesis of substituted sialic acid analogs containing analogous structures. 

To illustrate, synthetic approaches for selected examples of 4-, 4,7-, and 4,7,9- 
5 position modified analogues of General Structures Ilia and mb are summarized in Figures 

9-12. These synthetic approaches are representative of the types of procedures that can 
be employed. 

It should be noted that the present invention relates to chromogenic substrate 
compounds that are useful in the detection of sialidase. As such, the present invention 
10 relates to chromogenic substrate compounds in addition to those presented in Figures 9- 

12. Likewise, numerous other analogues with varying R 1 , R 2 , R 3 , R 6 , R 7 , and/or R 8 , as 
defined in the Summary of the Invention, can be prepared using analogous or altogether 
different methods. 

15 4-O-Alkyl 7 -Substituted Analogues from General Structures Ilia and Illb. 

Figure 9 illustrates constructing a basic skeleton of General Structures Ilia and 
nib via O-alkylation of methyl 8,9-<9-isopropylidene-2-0-methyl-Neu5Ac (1) using 
conditions previously reported (Liav, 1998) for the same compound. Compound 1 is 
generally prepared according to known procedures (Kim, 1988; Liav, 1996; Hartman and 

20 Zbiral, 1989). O-Alkylation of 1 using any of a series of dialkyl sulfate analogues 

including dimethyl sulfate, diethyl sulfate, diisopropyl sulfate, among others, would 
provide the 4-O-alkyl compound 2 and the 4,7-di-O-alkyl compound 3 as a separable 
mixture on chromatography. Treatment of compound 2 with ruthenium tetroxide provides 
the intermediate 7-keto analogue, followed by subsequent diastereoselective reduction 

25 with borane-ammonia gives the 7-epi-sialic acid analogue 4. Compound 4, with a free 

7-hydroxyl group, is then activated for displacement via the methanesulfonate intermediate 
by reaction of 4 with methanesulfonyl chloride (MsCl) in the presence of organic base. 
Nucleophilic displacement of the methanesulfonate group with sodium azide readily 
provides the 7-azido analogue compound 5. Acid-mediated hydrolysis of the methyl 
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glycoside and acetal moieties in compound 5 using aqueous jp-toluenesulfonic acid (TsOH) 
will provide compound 6. Treatment of compound 6 with acetyl chloride provides the 
per-O-acetylated glycosyl chloride product compound 7. 

Treatment of compound 7 with the sodium salt of numerous substituted coumarin 
5 derivatives provides the key intermediates to the desired targets (compounds 42). 

Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of (3-glycosylation has already been applied in the stereoselective preparation 
of numerous (9-glycosides of N-acetyl-D-neuraminic acid (Myers, et al., 1980; 
Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

10 Glycoconjugate J., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 

from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-O-acetylation and de-esterification of 
compounds 42 is accomplished with an aqueous sodium hydroxide solution and workup 
involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

15 in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 7-amino 

compounds 43. This provides access to the 4-O-alkyl 7-substituted analogues from 
General Structure Ilia and IHb. 

4-O-Alkyl 7 ,9-Di-substituted Analogues from General Structures Ilia and Illb. 

20 Figure 10 illustrates constructing a basic skeleton of General Structures EQa and 

nib via the conversion of compound 6 to compound 10 via acid-mediated methyl 
glycoside formation, followed by 9-0-silylation using tert-butyldimethylsilyl chloride 
( t BuMe 2 SiCl). Compound 6 is prepared according to the procedure outlined in Figure 1 . 
Acetylation of the 8-hydroxyl group with acetyl chloride under standard conditions, 

25 followed by de-silylation with tetra-butyl ammonium fluoride (Bu 4 NF) readily provides the 

9-hydroxy analogue 11. Compound 1 1, with a free 9-hydroxyl group, is then activated for 
displacement via the methanesulfonate intermediate by reaction of 1 1 with 
methanesulfonyl chloride (MsCl) in the presence of base. Nucleophilic displacement of the 
methanesulfonate group with sodium azide will readily provide the 9-azido analogue 
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compound 12. Acid-mediated hydrolysis of the methyl glycoside in compound 12 using 
aqueous /Moluenesulfonic acid (TsOH), followed by acetylation and glycosyl chloride 
generation using acetyl chloride provides compound 13. 

Treatment of compound 13 with the sodium salt of numerous substituted coumarin 
5 derivatives provides the key intermediates to the desired targets (compounds 44). 

Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of O-glycosylation has already been applied in the stereoselective preparation 
of numerous 0-glycosides of Af-acetyl-D-neuraminic acid (Myers, et ai, 1980; 
Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

10 GlycoconjugateJ., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 

from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-0-acetylation and de-esterification of 
compounds 44 is accomplished with an aqueous sodium hydroxide solution and workup 
involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

15 in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 

7,9-di-amino compounds 45. This provides access to the 4-0-alkyl 7,9-di-substututed 
analogues from General Structure Hla and Mb. 

4, 7-Di-O-Alkyl 9-Substituted Analogues from General Structures Ilia and Illb. 

20 Figure 1 1 illustrates constructing a basic skeleton of General Structures EUa and 

EQb via the conversion of compound 3 to compound 16 via acid-mediated methyl 
glycoside formation, followed by re-generation of the methyl glycoside moiety using 
acid-mediated means in methanol and 9-0-silylation using tert-butyldimethylsilyl chloride 
( t BuMe 2 SiCl). Compound 3 is prepared according to the procedure outlined in Figure 1 . 

25 Subsequent acetylation of the 8-hydroxyl group in 16 with acetyl chloride, followed by 

de-silylation with tetra-butylammonium fluoride (Bu 4 NF) gives compound 17. Compound 
17, with a free 9-hydroxyl group, is then activated for displacement via the 
methanesulfonate intermediate by reaction of 17 with methanesulfonyl chloride (MsCl) in 
the presence of base. Nucleophilic displacement of the methanesulfonate group with 
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sodium azide readily provides the 9-azido analogue compound 18. Acid-mediated 
hydrolysis of the methyl glycoside in compound 18 using aqueous p-toluenesulfonic acid 
(TsOH), followed by acetylation and glycosyl chloride generation using acetyl chloride 
provides compound 19. 

5 Treatment of compound 19 with the sodium salt of numerous substituted coumarin 

derivatives provides the key intermediates to the desired targets (compounds 46). 
Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of 0-glycosylation has already been applied in the stereoselective preparation 
of numerous (^-glycosides of N-acetyl-D-neuraminic acid (Myers, et ah, 1980; 

10 Eschenfelder and Brossmer, Carbohydr, Res., 1987; Eschenfelder and Brossmer, 

Glycoconjugatel, 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 
from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-O-acetylation and de-esterification of 
compounds 46 is accomplished with an aqueous sodium hydroxide solution and workup 

15 involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 9-amino 
compounds 47. Treatment of 47 with A^//'-bis-^-benzyloxycarbonyl-2-methyl-2- 
thiopseudourea in dichloromethane under standard conditions, followed by subsequent 
hydrogenation using palladium-on-carbon catalyst gives the 9-guanidino compounds 48. 

20 This provides access to the 4,7-di-O-alkyl 9-substituted analogues from General Structure 

Hla and mb. 

4-Substituted Analogues from General Structures Ilia and IHb. 

Figure 12 illustrates constructing a basic skeleton of General Structures Hla and 
25 IHb via the regioselective oxidation of the 4-hydroxyl group in compound 1 using 

ruthenium tetroxide under conditions reported previously (Zbiral, et aL, 1989) for the 
same compound. Compound 1 is generally prepared according to known procedures 
(Kim, 1988; Liav, 1996; Hartman and Zbiral, 1989). Diastereoselective reduction of the 
4-ketone group in compound 23 with borane-ammonia gives the 4-epi-sialic acid analogue 
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24. Compound 24, with free 4- and 7-hydroxyl groups, is then regioselectively activated 
for displacement at C-4 via treatment with triphenylphosphine (Ph 3 P) and 
diethylazodicarboxylate (DEAD) in toluene, followed by the subsequent treatment with 
HN 3 in toluene to give the 4-azido compound 25. This two-step transformation of 
5 compound 24 to compound 25 has been reported for the preparation of the same 

compound (Zbiral, et ah, 1989). Acid-mediated hydrolysis of the methyl glycoside and 
acetal moieties in compound 25 using aqueous j?-toluenesulfonic acid (TsOH), followed 
by per-0-acetylation and glycosyl chloride generation using acetyl chloride gives 
compound 26. 

10 Treatment of compound 26 with the sodium salt of numerous substituted coumarin 

derivatives provides the key intermediates to the desired targets (compounds 49). 
Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of O-glycosylation has already been applied in the stereoselective preparation 
of numerous (^-glycosides of 7V-acetyl-D-neuraminic acid (Myers, et aL, 1980; 

15 Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

GlycoconjugateJ., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 
from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-O-acetylation and de-esterification of 
compounds 49 is accomplished with an aqueous sodium hydroxide solution and workup 

20 involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 4-amino 
compounds 50. Treatment of 50 with A/;7V r, -bis-/er/-benzyloxycarbonyl-2-methyl-2- 
thiopseudourea in dichloromethane under standard conditions, followed by subsequent 
hydrogenation using palladium-on-carbon catalyst gives the 4-guanidino compounds 51. 

25 This provides access to the 4-O-substituted analogues from General Structure Ilia and 

mb. 
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D. Compounds with General Structures IVa and IVb and their salts and 
derivatives, may be prepared using any of several methods known in the art for the 
synthesis of substituted sialic acid analogs containing analogous structures. 

To illustrate, synthetic approaches for selected examples of 4-, 4,7-, and 4,7,9- 
5 position modified analogues of General Structures IVa and IVb are summarized in Figures 

13-16. These synthetic approaches are representative of the types of procedures that can 
be employed. 

It should be noted that the present invention relates to chromogenic substrate 
compounds that are useful in the detection of sialidase. As such, the present invention 
10 relates to chromogenic substrate compounds in addition to those presented in Figures 13- 

16. Likewise, numerous other analogues with varying R 1 , R 2 , R 3 , R 6 , R 7 , and/or R 8 , as 
defined in the Summary of the Invention, can be prepared using analogous or altogether 
different methods. 

1 5 4-O-Alkyl 7 -Substituted Analogues from General Structures IVa and IVb. 

Figure 13 illustrates constructing a basic skeleton of General Structures IVa and 
IVb via O-alkylation of methyl 8,9-0-isopropylidene-2-0-methyl-Neu5Ac (1) using 
conditions previously reported (Liav, 1998) for the same compound. Compound 1 is 
generally prepared according to known procedures (Kim, 1988; Liav, 1996; Hartman and 

20 Zbiral, 1989). O-Alkylation of 1 using any of a series of dialkyl sulfate analogues 

including dimethyl sulfate, diethyl sulfate, diisopropyl sulfate, among others, would 
provides the 4-0-alkyl compound 2 and the 4,7-di-O-alkyl compound 3 as a separable 
mixture on chromatography. Treatment of compound 2 with ruthenium tetroxide would 
provides the intermediate 7-keto analogue, followed by subsequent diastereoselective 

25 reduction with borane-ammonia gives the 7-epi-sialic acid analogue 4. Compound 4, with 

a free 7-hydroxyl group, is then activated for displacement via the methanesulfonate 
intermediate by reaction of 4 with methanesulfonyl chloride (MsCl) in the presence of 
organic base. Nucleophilic displacement of the methanesulfonate group with sodium azide 
readily provides the 7-azido analogue compound 5. Acid-mediated hydrolysis of the 
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methyl glycoside and acetal moieties in compound 5 using aqueous /?-toluenesulfonic acid 
(TsOH) will provide compound 6. Treatment of compound 6 with acetyl chloride 
provides the per-0-acetylated glycosyl chloride product compound 7. 

Treatment of compound 7 with the sodium salt of numerous substituted naphthol 
5 derivatives provides the key intermediates to the desired targets (compounds 52). 

Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of (9-glycosylation has already been applied in the stereoselective preparation 
of numerous O- glycosides of N-acetyl-D-neuraminic acid (Myers, et ai 9 1980; 
Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

10 GlycoconjugateJ., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 

from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-0-acetylation and de-esterification of 
compounds 52 is accomplished with an aqueous sodium hydroxide solution and workup 
involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

15 in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 7-amino 

compounds 53. This provides access to the 4-0-alkyl 7-substituted analogues from 
General Structure IVa and IVb. 

4-O-Alkyl 7 ,9-Di-substituted Analogues from General Structures IVa and IVb. 

20 Figure 14 illustrates constructing a basic skeleton of General Structures IVa and 

IVb via the conversion of compound 6 to compound 10 via acid-mediated methyl 
glycoside formation, followed by 9-O-silylation using tert-butyldimethylsilyl chloride 
( t BuMe 2 SiCl). Compound 6 is prepared according to the procedure outlined in Figure 1. 
Acetylation of the 8-hydroxyl group with acetyl chloride under standard conditions, 

25 followed by de-silylation with tetra-butyl ammonium fluoride (Bu 4 NF) readily provides the 

9-hydroxy analogue 1 1 . Compound 1 1 , with a free 9-hydroxyl group, is then activated for 
displacement via the methanesulfonate intermediate by reaction of 1 1 with 
methanesulfonyl chloride (MsCl) in the presence of base. Nucleophilic displacement of the 
methanesulfonate group with sodium azide readily provides the 9-azido analogue 
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compound 12. Acid-mediated hydrolysis of the methyl glycoside in compound 12 using 
aqueous p-toluenesulfonic acid (TsOH), followed by acetylation and glycosyl chloride 
generation using acetyl chloride provides compound 13. 

Treatment of compound 13 with the sodium salt of numerous substituted naphthol 
5 derivatives provides the key intermediates to the desired targets (compounds 54). 

Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of 0-glycosylation has already been applied in the stereoselective preparation 
of numerous Oglycosides of N-acetyl-D-neuraminic acid (Myers, et ai 9 1980; 
Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

10 Glycoconjugate 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 

from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-O-acetylation and de-esterification of 
compounds 54 is accomplished with an aqueous sodium hydroxide solution and workup 
involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

15 in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 7-amino 

compounds 55. This provides access to the 4-O-alkyl 7,9-di-substituted analogues from 
General Structure IVa and IVb. 

4, 7-Di-O-Alkyl 9-Substituted Analogues from General Structures IVa and IVb. 

20 Figure 15 illustrates constructing a basic skeleton of General Structures IVa and 

IVb via the conversion of compound 3 to compound 16 via acid-mediated methyl 
glycoside formation, followed by re-generation of the methyl glycoside moiety using 
acid-mediated means in methanol and 9-O-silylation using tert-butyldimethylsilyl chloride 
( t BuMe 2 SiCl). Compound 3 is prepared according to the procedure outlined in Figure 1 . 

25 Subsequent acetylation of the 8-hydroxyl group in 16 with acetyl chloride, followed by 

de-silylation with tetra-butylammonium fluoride (Bu 4 NF) gives compound 17. Compound 
17, with a free 9-hydroxyl group, is then activated for displacement via the 
methanesulfonate intermediate by reaction of 17 with methanesulfonyl chloride (MsCl) in 
the presence of base. Nucleophilic displacement of the methanesulfonate group with 
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sodium azide readily provides the 9-azido analogue compound 18. Acid-mediated 
hydrolysis of the methyl glycoside in compound 18 using aqueous /?-toluenesulfonic acid 
(TsOH), followed by acetylation and glycosyl chloride generation using acetyl chloride 
provides compound 19. 

5 Treatment of compound 19 with the sodium salt of numerous substituted naphthol 

derivatives provides the key intermediates to the desired targets (compounds 56). 
Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of O-glycosylation has already been applied in the stereoselective preparation 
of numerous O-glycosides of N-acetyl-D-neuraminic acid (Myers, et ai, 1980; 

10 Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

GlycoconjugateJ., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 
from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-O-acetylation and de-esterification of 
compounds 56 is accomplished with an aqueous sodium hydroxide solution and workup 

15 involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 7-amino 
compounds 57. Treatment of 57 with N,Af'-bis-te^benzyloxycarbonyl-2-methyl-2- 
thiopseudourea in dichloromethane under standard conditions, followed by subsequent 
hydrogenation using palladium-on-carbon catalyst gives the 9-guanidino compounds 58. 

20 This provides access to the 4-0-alkyl 7-substituted analogues from General Structure IVa 

andlVb. 

4-Substituted Analogues from General Structures IVa and IVb. 

Figure 16 illustrates constructing a basic skeleton of General Structures IVa and 
25 IVb via the regioselective oxidation of the 4-hydroxyl group in compound 1 using 

ruthenium tetroxide under conditions reported previously (Zbiral, et ai, 1989) for the 
same compound. Compound 1 is generally prepared according to known procedures 
(Kim, 1988; Liav, 1996; Hartman and Zbiral, 1989). Diastereoselective reduction of the 
4-ketone group in compound 23 with borane-ammonia gives the 4-epi-sialic acid analogue 
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24. Compound 24, with free 4- and 7-hydroxyl groups, is then regioselectively activated 
for displacement at C-4 via treatment with triphenylphosphine (Ph 3 P) and 
diethylazodicarboxylate (DEAD) in toluene, followed by the subsequent treatment with 
HN 3 in toluene to give the 4-azido compound 25. This two-step transformation of 
5 compound 24 to compound 25 has been reported for the preparation of the same 

compound (Zbiral, et aL, 1989). Acid-mediated hydrolysis of the methyl glycoside and 
acetal moieties in compound 25 using aqueous /?-toluenesulfonic acid (TsOH), followed 
by per-O-acetylation and glycosyl chloride generation using acetyl chloride gives 
compound 26. 

10 Treatment of compound 26 with the sodium salt of numerous substituted naphthol 

derivatives provides the key intermediates to the desired targets (compounds 59). 
Generation of the sodium salt is accomplished with sodium hydride in tetrahydrofuran. 
This method of O-glycosylation has already been applied in the stereoselective preparation 
of numerous 0-glycosides of N-acetyl-D-neuraminic acid (Myers, et aL, 1980; 

15 Eschenfelder and Brossmer, Carbohydr. Res., 1987; Eschenfelder and Brossmer, 

GlycoconjugateJ., 1987; Okamoto and Goto, 1990; Warner and O'Brien, 1979) derived 
from aromatic hydroxyls. However, none of the products described herein are contained 
in the aforementioned references. Subsequent de-O-acetylation and de-esterification of 
compounds 59 is accomplished with an aqueous sodium hydroxide solution and workup 

20 involving acidification of the reaction medium. Finally, hydrogenation of the azido moiety 

in the presence of palladium-on-carbon catalyst, in the usual manner, gives the 4-amino 
compounds 60. Treatment of 60 with N, N'-bis-te^benzyloxycarbonyl-2-methyl-2- 
thiopseudourea in dichloromethane under standard conditions, followed by subsequent 
hydrogenation using palladium-on-carbon catalyst gives the 4-guanidino compounds 61. 

25 This provides access to the 4-O-substituted analogues from General Structure IVa and 

IVb. 

E. Biochemical Evaluation of a Chromogenic Substrate Product with Bacterial 
Sialidase and with Viral Sialidase. The source of bacterial sialidase was from purified 
recombinant bacterial sialidase from Salmonella T. The source of viral sialidase was from 
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whole influenza virus A/PR/8/34. The bacterial sialidase preparation (40 jjL of a solution 
containing 10 //g/mL in distilled water) or the viral sialidase preparation (40 //L of a 
solution containing 107 PFU/mL) was added to 60 yuL of a buffer solution containing the 
substrate compound (compound 9c, wherein R 6 = R 7 = R 8 = R 9 = H; Table 2) at ca. 0.7 
5 mM concentration in potassium acetate (0.5 M; pH 6.0). The reaction proceeded at 37°C 

for 30 minutes, at which time the pH was adjusted by the addition of 20 /uL of a solution 
of sodium hydroxide (1.0M, pH >1 1 .0). A color change to blue was readily visible. The 
reaction progress was quantitated by measuring the light absorption of the reaction 
mixture. The light absorption was measured with a spectrophotometer at 5 17 run with a 1 

10 cm path cell. In the experiment conducted with bacterial sialidase, the absorbance was 

measured as 2.448. In the experiment conducted with viral sialidase, the absorbance was 
measured as 1 .168. It should be noted that the reaction using sialidase derived from 
influenza virus was not allowed to proceed to completion. 

F. Classes of Chromogenic Substrate Compounds of Sialidases. As used herein, 

15 the "effective amount" of a compound of the invention required for the use in the method 

presented herein will differ not only with the particular compound to be selected but also 
with the mode of application, and the nature of the sample specimen. The exact amount 
will be evaluated by testing with a sufficient number of clinical samples in each application 
as conducted by persons skilled in the art. However, a generally suitable concentration 

20 will range from about 0.1 to about 10 mM/mL of testing solutions. Furthermore, the 

compounds may be used as pure chemical applied to a test solution, or a pure chemically 
acceptable salt or derivative. However, it is preferable to provide the active chemical or 
its chemically acceptable salt or derivative, as a medicinal formulation, either as a dry 
material (reaction solution provided separately), or as a solution or suspension (an 

25 aqueous solution or other chemically acceptable solvent solutions), or as a dip stick. The 

subject specimen can be applied to the test for measuring the activity levels of sialidases. 
Those skilled in the art having the benefit of the instant disclosure will appreciate that 
amounts and modes of application are readily determinable without undue 
experimentation. 
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